The use of extradural catheters in patients with systemic or localized infection is controversial. The catheter may act as a focus for secondary infection resulting in an extradural abscess. In this study we have examined the use of extradural catheters for anaesthesia over the past 7 yr in patients with localized infections. The records of 69 patients were reviewed and patients interviewed (letter/phone). These patients had a total of 120 extradural catheters placed and received, on average, four anaesthetics, with the extradural catheter remaining in place for a mean of 9 days. On 12 occasions (eight patients) the catheter was removed because of signs or symptoms of local infection. Specific antibiotic therapy was not initiated, but ongoing therapy was continued. A single case of spondylitis was the only serious complication found but was not related to the extradural technique. We conclude that extradural anaesthesia for patients who require repeated surgical treatments for abscesses or infected wound is a relatively safe procedure. (Br.
Patients suffering from abscesses or wound infections often require multiple surgical procedures. Regional anaesthesia using an extradural catheter may avoid some of the problems associated with repeated anaesthesia, and may allow greater patient comfort. Because of the risk of infectious complications related to extradural techniques, some authors consider the use of extradural catheters as relatively contraindicated in patients with abscesses or infected wounds [1, 2] . Prophylactic antibiotic therapy has been suggested for septicaemic patients before insertion of an extradural catheter [3] [4] [5] . However, the incidence of infection and neurological complications caused by the use of extradural catheters is unknown and is described only in case reports [6] [7] [8] [9] [10] .
We have used extradural catheters for the last 7 yr for anaesthesia and analgesia in patients undergoing repeated surgery and dressings for local infection. This retrospective study was performed in order to determine the number and types of minor and major complications in these patients.
Patients and methods
All extradural catheters were inserted using a sterile technique with a disposable Tuohy needle (18-gauge) at the level of L1-5. In the midline, the extradural space was identified using the loss of resistance technique. The catheter was connected to a bacterial filter and subarachnoid or intravascular placement of the catheter was excluded using a test dose of 2 % lignocaine 3-4 ml containing 0.00125 % adrenaline. The site around the extradural catheter was cleaned and dressed with self-adhesive transparent dressing (Tegaderm) twice weekly.
Extradural catheters were not inserted in patients receiving oral anticoagulants or with coagulation disorders (INR greater than 1.6, prothrombin time less than 0.3) or in patients with platelet counts of less than 40-50 ϫ 10 9 litre
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. Localized infection close to the puncture site was also a contraindication. Prolonged extradural catheterization was not performed in patients receiving corticosteroids.
The catheters were withdrawn when extradural anaesthesia or analgesia was no longer necessary or if signs of infection occurred at the puncture site. In the latter case, swabs were usually sent for microbiological culture, but antibiotic treatment was not administered routinely. When the extradural catheters were removed because of faulty positioning, local infection or secretion at the insertion site, another catheter was inserted in a different interlumbar space if the patient still needed extradural anaesthesia or analgesia.
We studied the case records of patients who had extradural anaesthesia for the treatment of abscesses or infected wounds during the period January 1987 to March 1994. Only patients who had extradural anaesthesia more than once were included: There were 69 patients (79 admissions; 37 male), aged 17-89 yr. Patients were suffering from: perianal abscess (n : 52); infected femoral wound or femoral abscess (n : 18); infection of the lower leg (n : 7); and abdominal wall abscess (n : 2).
The following information was obtained from the case records: (1) number and duration of extradural catheter insertions; (2) type and number of regional blocks; (3) reason for removal of extradural catheter if recorded; (4) signs or symptoms of local infection at the catheter insertion site or extradural infection. Neurological complaints or symptoms; (5) laboratory tests for infection (erythrocyte sedimentation rate (ESR) and leucocyte count) and pyrexia; (6) results of microbiological cultures (e.g. secretion, pus, tip of the catheter, blood cultures and cerebrospinal fluid); (7) antibiotic treatment; (8) severe underlying diseases or other predisposing conditions known or suspected to cause complications; and (9) the cause of death in deceased patients.
In the follow-up part of the study, all patients received a letter and were later contacted by telephone. They were questioned regarding local discomfort, infections, neurological sequelae or other complications caused by the extradural catheter.
Results
A total of 120 extradural catheters were inserted in 69 patients and used for 507 anaesthetics. The duration of catheterization varied from 2 to 37 days (mean 9 days) (table 1). Twenty-seven patients had more than one catheter (table 2) and the maximum number of catheters in a single patient was nine (see case description). Accidental puncture of the dura occurred in five patients; three of these were treated with a blood patch because of persisting post-dural puncture headache (PDPH) not responding to conservative treatment.
The catheters were used for perioperative anaesthesia for surgical revision or dressings, or both, from 2 to 28 times (mean 4 times). Bupivacaine 0.5 % or 2 % lignocaine was used for anaesthesia. In addition, the extradural catheters were used also for pain relief between treatments either by continuous infusion of 0.25 % bupivacaine in combination with 0.005 % morphine or by repeated injections of morphine.
PATIENT NO. 1 A 50-yr-old male was involved in an automobile accident and was admitted with a fracture of the pelvis and dislocation of the hip joint. After reduction of the hip and fixation of the pelvic fracture, an extradural catheter was sited for postoperative analgesia. During the second week of admission he developed an infection in a large gluteal wound. This localized infection required repeated surgery in the following weeks and extradural anaesthesia was used. He suffered several septic episodes requiring i.v. antibiotic therapy. During his hospital stay he received nine extradural catheters. Two catheters were removed because of local signs of infection at the puncture site and six catheters were replaced because of failure. At no time did he develop any signs of infection or abscess formation in the spinal extradural space.
INFECTION AND MICROBIOLOGY
At the time of insertion of the catheter, 26 patients had elevated body temperature (Ͼ37.5 °C) and in 51 patients the leucocyte count was greater than 10 ϫ 10 9 litre
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. Cultures of abscess material were performed routinely in one surgical department but not at the other, accounting for the differences in culture (table 3) .
Sixteen patients had septic episodes on one or more occasions while the catheter was still in use. [8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
COMPLICATIONS
From the 120 catheters inserted, 12 were removed because of symptoms or local signs of infection (pus, oedema, redness or pain) at the puncture site. In four cases purulent secretion from the insertion site was cultured and in five cases the tip of the catheter was cultured. In three cases neither the tip of the catheter nor purulent secretion from the site of insertion was cultured (see results, table 5). Antibiotic treatment of the local infection was not given in any of these 12 cases but in four patients ongoing antibiotic treatment was continued. None of the patients with local symptoms or signs of infection developed signs of extradural infection or neurological symptoms. In summary, none of the patients demonstrated signs or symptoms of acute infection in the extradural space. Patients were followed up in the outpatient clinic. Twenty-two patients were readmitted to hospital, mainly because of recurrence of the abscesses.
PATIENT NO. 2 A male, aged 79 yr, developed symptoms of a "stiff neck". In July this was treated without success. He received chiropractic treatment to his neck and lower part of his back. This resulted in a herniated disc (L4-5) for which he was admitted to the department of orthopaedics and was managed conservatively. In the middle of November he acquired a perianal abscess. An extradural catheter was inserted at L2-3 and used for anaesthesia and analgesia; it was removed 2 days later. There were no signs of local infection at the puncture site. Approximately 1 month later the perianal abscess cavity had healed after several surgical revisions and dressings performed without anaesthesia.
On day 42 after the first surgical treatment of his perianal abscess, the patient complained of severe pain in the lower part of the back and motor weakness in his legs. Body temperature and leucocyte count were normal but ESR was elevated at 29 mm h
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. A computerized tomography (CT) scan revealed disc inflammation at the level of L4-5 and erosion of the adjoining vertebral bodies. Because of oedema projecting from the disc inflammation, the spinal canal was compressed. There were no signs of destruction of the dura or infection in the extradural space. The CT scan also demonstrated degeneration of all lumbar discs and spondylitis in L3-4 and L4-5. Blood cultures were negative, but in cultures of material aspirated directly from the disc at L4-5, Staphylococcus epidermidis was demonstrated. According to the pattern of resistance, penicillin was given and the patient was immobilized. Three Table 4 Number of patients with conditions known or suspected to predispose to extradural catheter complications. *Contraindications for insertion of the epidural catheter were anticoagulative treatment or coagulation disorders with an INR Ͼ 1.6, a prothrombin time Ͻ 0.3 or thrombocytic counts Ͻ 40-50 ϫ 10 9 litre Ϫ1 (for further discussion of the predisposing conditions see [8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] months later x-rays demonstrated new bone formation in the affected vertebral bodies and the oedema compressing the spinal canal had disappeared. The patient began mobilization and physiotherapy, and 13 months after the initial incision of the perianal abscess he had returned to normal activity using a corset to support his back. Seven of the 69 patients died between treatment and follow-up. In four patients death was attributed to natural causes. The cause of death was not reported in three elderly patients. Fifty-six patients were successfully contacted. None of the patients had unreported complications, except for one with muscle weakness and disturbance of sensation in the right leg. However, these complications were regarded as a consequence of the extension of the abscess in the right ischiorectal region as a magnetic resonance (MR) scan showed scar tissue in this area involving part of the sciatic nerve. Six patients did not respond to the inquiry by letter and telephone call. However, review of the case reports did not indicate any neurological complications caused by extradural catheterization. Two patients complained of PDPH; these were treated successfully with a blood patch.
Discussion
Among the important advantages of using extradural anaesthesia are the easy provision of postoperative analgesia and avoidance of some of the side effects of general anaesthesia such as postoperative nausea and vomiting. However, the extradural technique may also cause complications such as neurological injury, spinal extradural haematoma and infection in the extradural space.
Haematogenous dissemination from localized infection is considered the most frequent aetiology of spinal extradural abscesses [6, 8, 12, [24] [25] [26] . Therefore, indwelling extradural catheters are avoided in patients with infection in many departments because of the risk of haematogenous spread of bacteria [1, [3] [4] [5] and the catheter acting as a nidus for infection. Microhaematomas caused by the extradural puncture or catheter may also facilitate bacterial growth [27] .
All patients in the present survey had distant localized infections. Three patients were treated with an extradural blood patch. Sixteen patients had septic episodes occurring while an extradural catheter was in situ and one developed a positive blood culture. However, none of these patients developed any complications.
Several patients had more than one catheter inserted. The catheters were used several times for repeated injections of local anaesthetic and morphine both in the operating theatre and in the surgical wards. Only 12 catheters were removed because of symptoms or local signs of infection at the insertion site and only in three cases was the patient already receiving treatment with relevant antibiotics.
Forty-one patients had disorders or conditions known or suspected to predispose to extradural catheter complications [8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . However, none of these patients developed symptoms of infection in the extradural space as a consequence of haematogenous spread or direct extension. The one exception was a patient with disc inflammation and spondylitis. However, the CT scan demonstrated no sign of infection in the extradural space or signs of migration of the infection from the extradural catheter to the infected site. Thus the possibility of the extradural catheter serving as an aetiological factor for disc inflammation and spondylitis was minimal. A similar case has been reported by Lynch and Zech [28] .
In the present study we did not find any neurological complications. Two of the three patients who suffered from PDPH had severe symptoms and declined another extradural catheter. All other successfully contacted patients were satisfied with the use of an extradural technique.
Bacteriological examination of the extradural catheters did not show bacterial growth but a few cases of secondary contamination from the skin have been described [29, 30] . In a postmortem study, bacteria were found in the spinal extradural space in three of 10 patients where a catheter had been used but none of these patients demonstrated symptoms of extradural infection [31] .
The incidence of extradural infection after insertion of an extradural catheter is surprisingly low [9, 32] . It has been suggested that local anaesthetics, morphine and related synthetic analogues have antimicrobial properties [33] [34] [35] . However, antimicrobial activity varies according to the species of bacteria and type of local anaesthetic [36, 37] . Lignocaine has been reported to decrease leucocyte phagocytosis and metabolism in vitro at lower concentrations than those showing antimicrobial activity and this may result in reduced local defence mechanisms [38] . The efficiency of morphine and related synthetic analogues also varies with the bacteria and depends on the pH value of the solution [34] .
